Constrictive pericarditis (CP) is still encountered throughout the world, but the etiology may differ according to location. While Turkey contributed to the data related to tuberculous CP with various reports in the late 90's, the number of studies has declined because of the eradication of this type of CP in developed countries. However, radiotherapy-induced or post-cardiac surgery-related cases can still be seen in Western countries, [1] [2] [3] [4] [5] [6] [7] [8] [9] with early mortality rates of 0 and 14%, respectively. This rate may be even higher in patients who need open heart surgery such as coronary artery bypass grafting (CABG). [4, 5, [8] [9] [10] [11] [12] [13] [14] [15] [16] Various risk factors are associated with pericardiectomies, with the most frequent being preoperative poor functional capacity, advanced age, longer duration of symptoms, the presence of ascites, atrial fibrillation (AF), hyponatremia, hypoalbuminemia, renal dysfunction, hyperbilirubinemia, moderate/severe tricuspid regurgitation, and the need for inotropic medication. [4, 5, [9] [10] [11] [15] [16] [17] [18] [19] However, radiation-induced and postsurgical CP are more common risk factors in North American series. [4, 5, 7, 19] Using multivariate risk factors, Bertog et al. [5] proposed an excellent formula for risk prediction that utilized radiation-induced CP, older age, high creatinine levels, low sodium levels, high pulmonary artery pressure, and left ventricular systolic dysfunction, but, unfortunately, this formula is too complex for use in routine daily practice.
Hence, we aimed to develop an easy and feasible risk scoring system by using right heart failure (RHF) findings plus the New York Heart Association (NYHA) functional class to predict the early and overall mortality rates in our pericardiectomy cohort. In addition, we also searched for a correlation between symptom duration and the risk scores.
PATIENTS AND METHODS
Seventy-nine consecutive patients (50 males, 29 females; mean age 40.0±16.7 years; range 14 to 75 years) who underwent an isolated pericardiectomy for CP between January 1997 and September 2010 at a single center were included in this study. The Institutional Education Planning and Ethics Committee approved the study, and the patients' informed consent was obtained before it began.
Our examination of the patients included the identification of their symptoms and an assessment of their physical characteristics as well as an evaluation of their laboratory, radiological, echocardiographic, angiographic, and operative findings. Transthoracic echocardiography (TTE) was routinely employed, and cardiac catheterization was carried out when the diagnosis was inconclusive. In addition, computed tomography (CT) and coronary angiography were performed in select cases.
A diagnosis of tuberculous PC took place in those who had a positive history for this disease, an adenosine deaminase level of more than 15 U/L in the pericardial fluid or a pathology that pointed to this type of PC. The patients who had received radiotherapy for a malignant disease or who had malignant pericardial involvement were classified as having malignant radiotherapy-induced constrictive PC. Furthermore, those who had undergone previous cardiac surgery or who had a history of trauma were categorized as postsurgical traumatic CP cases. The remaining causes of CP were classified as idiopathic CP, which included the patients who had previously had viral PC.
Pericardial calcification was identified via the preoperative chest X-ray or CT, and congestive liver dysfunction was considered when the blood levels of the aspartate transaminase (AST) and alanine transaminase (ALT) were more than twice the upper limit and the total bilirubin level was above 2 mg/dL. In addition, renal dysfunction was defined as having creatinine levels of more than 2 mg/dL and/or when the patient was on a routine hemodialysis program.
The surgery consisted of a wide excision of the pericardium from one phrenic nerve to the other, including the diaphragmatic part. Cardiopulmonary bypass (CPB) was not routinely employed, but it was instituted when hemodynamic deterioration, epicardial bleeding, or a laceration occurred that was difficult to control. Early mortality was defined as mortality observed within 30 days after the operation.
The independent variables in our study were the following: gender, age, etiology, dyspnea, palpitations, chest pain, the symptomatic period, hepatomegaly, ascites, pretibial edema, the functional status according to the NYHA, pre-and postoperative AF, hyponatremia, hypoalbuminemia, pleural effusion, pericardial thickness, the presence of pericardial calcification, chronic obstructive pulmonary disease (COPD), coronary artery disease (CAD), hepatic or renal dysfunction, left ventricular ejection fraction (LVEF), systolic pulmonary artery pressure (sPAP), the left atrial dimensions, atrioventricular valve regurgitation, previous pericardiocentesis, the use of an inotropic agent, the emergent institution of CPB, re-exploration for bleeding, and infection. The dependent variables were early and late mortality and survival length (Tables 1 and 2 ).
After evaluating the first third of the patients retrospectively, we then decided to conduct the study prospectively using a risk scoring system consisting of the clinical and laboratory findings of RHF (i.e., dyspnea, edema, hepatomegaly, ascites, pleural effusion, hypoalbuminemia, and congestive liver dysfunction) along with the patient's NYHA functional class. Each finding represented 1 point and the mathematical value of the NYHA functional class was then added (2, 3, or 4 points for NYHA 2, 3 or 4 classes, respectively). Therefore, each patient had a score that ranged from 1 point to a maximum of 11. No mortality was observed in the patients who had a total score of ≤6 points. The early mortality rates for those with a score of either 7 or 8 points were similar (16.7% and 12.5%, respectively), but the patients with a score of 9 or 10 had very high mortality rates (50% and 100%, respectively) (p= 0.000). Thus, the patients were grouped into low, moderate, and high risk categories according to their risk scores in order to achieve a significant difference with regard to the early mortality rates. Category 1 contained patients with scores ranging from 1-6 points, category 2 was composed of those with scores ranging from 7-8 points, and category 3 was made up of those with scores ranging from 9-11 points (Table 3) . Furthermore, all of the patients underwent surgical therapy even if they had high preoperative risk scores. 
Statistical analysis
The data were coded and recorded using the IBM-SPSS for Windows version 17.0.0 software program (SPSS Inc., Chicago, IL, USA). For the univariate analyses, chi-square, Mann-Whitney U, analysis of variance (ANOVA), Kruskal-Wallis, and Kaplan-Meier log-rank tests were used in the subgroups while for the multivariate analyses, a backward stepwise logistic regression method was used to identify the aforementioned significant risk factors as they related to mortality. Correlations between disease duration (symptomatic period), length of hospital and intensive care unit (ICU) stays, and the preoperative total score were evaluated via the Spearman's correlation analysis. In all tests, p values of <0.05 were accepted as being statistically significant.
RESULTS
We found no specific etiology in the majority of patients (62.0%). Trivial to mild mitral or tricuspid valve regurgitation was identified in 17 patients (21.5%), but none of them required surgery. In addition, the emergency institution of CPB was necessary in four patients (5.1%), postoperative bleeding occurred in five more (6.3%), and infection was encountered in two others (2.5%).
The early mortality rate was 12.7% (n=10). One patient died from preoperative cardiopulmonary arrest in the ward and after undergoing emergency CPB with the pericardiectomy. Another patient with a bare metal stent in the right coronary artery (RCA) died due to cardiopulmonary arrest on the first postoperative day after not responding to emergency CPB and resuscitative measures, and another was lost on the fifth postoperative day due to a pulmonary embolus. Furthermore, two died of multi-organ failure after having had a massive blood transfusion and undergoing re-exploration for postoperative bleeding. Low cardiac output was responsible for the five other deaths. No postmortem examinations were performed.
The patients' characteristics and the results of the univariate analyses of the risk factors are given in Tables 1 and 2 . There were statistically significant differences between the survivors and non-survivors related to the NYHA class, symptomatic period of >12 months, ascites, pleural effusion, congestive liver dysfunction, renal dysfunction, pericardial calcification, hyponatremia, and the use of positive inotropic agents (Table 1) as well as the mean period of symptoms and sodium and albumin levels ( Table 2) . Moreover, the patients with renal dysfunction, NYHA class 4, hyponatremia, ascites, or congestive liver dysfunction had relatively higher risks in the univariate analyses [relative risk (RR) >4].
The multivariate analysis revealed that age, female gender, NYHA class, ascites, congestive liver dysfunction, hyponatremia, and the risk scoring system itself were risk factors for early mortality.
The early mortality rates increased as did the number of findings of RHF and our scoring system values (Table 3) , and the early and overall mortality rates were significantly different among the three different risk categories (p<0.05) ( Table 4) . No patients with a preoperative score of 10 points survived, and only half of the patients with a score of 9 survived the early period. The mean scores of the patients were 5.5±1.7 (median: 5) and 8.9±1.2 (median: 9) in the survivor and non-survivors, respectively (p=0.000).
Four different approaches were used to test the scoring system in the multivariate analyses. In the first approach, each component of the risk scoring system, age, and gender were tested. The second assessment included the sum of the RHF variables, the NYHA class, age, and gender, and the third featured our preoperative risk scoring system with age, gender, and the serum sodium levels served as covariates. In the last model, the risk categories together with age, gender, and the serum sodium levels were included. For each model, the separate components of the risk scoring system or the risk scoring itself were statistically significant ( Table 5 ).
The follow-ups were completed for all of the patients. The mean survival period was 78.4±54.8 months (median 77.1; range 0.0-196.4 months), and the survival rates were 84.9%, 74.9%, and 56.7% at one, five, and 10 years, respectively. Furthermore, the overall survival rates at one, five and 10 years were 98.0%, 87.2%, 65.0% in the category 1 patients, respectively while they were 80.0%, 66.7%, and 40.0% in the category 2 patients, and 30% at one and five years in the category 3 patients. We also observed a statistically significant difference among the different risk categories and expected survival rates when the Kaplan-Meier logrank test was applied (p=0.000, Figure 1 ).
The preoperative duration of symptoms was 10.3±13.6 months (median 6 months, range 1-60 months) in the survivors and 45.0±91.1 months (median 19, range 2-303 months) in the non-survivors (p= 0.015) ( Table 2 ), but no significant correlation was not found between the symptom duration and the preoperative scores, RHF scores (Rho: 0.270; p= 0.060 and Rho: 0.278; p=0.053, respectively) length of hospital or ICU stays, or preoperative total scores (p>0.05).
DISCUSSION
Tuberculous CP is common in developing countries like Turkey, [5] but our findings showed that the etiology of CP has changed in this country with the decline in the number of reported TB-related cases. The percentage of idiopathic cases in this cohort was similar to other reports (33-75%), but there were fewer radiation-induced and postsurgical cases in our series compared with those that were published previously. [4, 5, 20] In addition, no specific etiology emerged as a significant risk factor in our study, which was most probably due to the very small number of patients in some of the groups (i.e., posttraumatic and malignant CP).
Our early mortality rate was comparable to other series that have been published after 1985 (6-19%) , [4, 14, 15] and the most frequent cause of death in the perioperative period in our study was low cardiac output (60%), which was also similar to previous findings (44.4-100%). [4, 5, 12, 13] Cardiac failure has been attributed to the myocardial invasion of fibrosis and the atrophy of the myocardial fibers due to prolonged or residual constriction or a concomitant myocardial process. [5] Our postoperative survival rates were also comparable to those found in other series. [4, 8, 16, 17, 21] 71.4 0.000 10 100 0.000 RHF: Right heart failure; NYHA: New York Heart Association; The variables of right heart failure were dyspnea, edema, hepatomegaly, ascites, pleural effusion, hypoalbuminemia, and congestive liver dysfunction. No patient had all seven variables, and none had all 11 points when right heart failure was combined with the New York Heart Association status. Preoperative score = the number of variables for right heart failure (dyspnea, edema, hepatomegaly, ascites, pleural effusion, hypoalbuminemia, and congestive liver dysfunction) + the NYHA status. NYHA: New York Heart Association.
Moreover, the risk factors that we identified for pericardiectomies were also compatible with previous studies. [4, 5, [9] [10] [11] [15] [16] [17] [18] [19] 20] The number of radiation related and postsurgical cases were limited, and the degree of preoperative tricuspid regurgitation ranged from trivial to mild in our patients, which differed from other series, making comparisons impossible. [3, 4, 10, 11, 16, 22] On the other hand, pleural effusion, which was not encountered in the literature, emerged as a risk factor in our study. It is possible that the different etiological subgroups in our cohort may have accounted for these discrepancies.
Pericardial calcification is a matter of controversy in the literature with regard to whether it is a risk factor for pericardiectomies. [22] In contrast to some studies, [5, 19, 22] in their large series consisting of 395 patients, Chowdhury et al. [13] reported that calcification was a risk factor for survival in both univariate and multivariate analyses. In our study, higher mortality rates were observed in the patients with calcific CP (20.5% vs. 5% in non-calcific CP; p= 0.048). In these cases, the penetration of calcium spurs into the myocardium may make the procedure more difficult perform, which could result in an injury to the epicardium during surgery. In these situations, incomplete resection and meshing (waffle) techniques are usually recommended. [4, 9, 15, 23] Our more aggressive approach without the use of these techniques along with the higher bleeding and massive blood transfusion rates may account for the higher mortality rate observed in our series. However, since calcification is a variable associated with the operator and technique, we did not include it as part of our risk scoring system.
The risk scoring formula proposed by Bertog et al. [5] in their study composed of 163 patients which used predictors of poor survival (prior radiation, worsening renal function, higher sPAP, abnormal left ventricular systolic function, lower serum sodium level, and older age) is excellent, but it is a bit complicated to use. The components of our system were somewhat different than theirs because of the discrepancies between the etiological subgroups since patients with prior radiation and renal dysfunction were very rare in our study cohort. High sPAP and lower EF were also not predictors of mortality in our study. Older age, female gender, and renal failure are common risk factors for any kind of surgery and are not specific only to pericardiectomies. Hyponatremia, on the other hand, was a strong risk factor in both the univariate and multivariate analyses in our study with a relative risk of 5.5. However, hyponatremia is a nonspecific result associated with many chronic disease processes as noted by the fact that it was found to increase mortality rates in hospitalized patients in the study by Waikar et al., [24] particularly in those with cardiovascular disease, metastatic cancer, and those undergoing orthopedic procedures. [24] We did not want to include hyponatremia in our scoring because of the significant correlations between it and other risk factors included in this study (i.e., edema, pleural effusion, ascites, and hypoalbuminemia). Moreover, because of the single and isolated approach of our study, comparisons with other series may not be appropriate.
After sequentially analyzing a third of the patients retrospectively, we then decided to proceed prospectively with our study design since even the higher risk patients would undergo surgery and our inclusion and exclusion criteria would not change. Now, we hope that an adjustment will take place in our standard clinical practice regarding the preoperative supportive management of these patients. In addition, it is possible that a national awareness program for CP among practitioners with a special focus on early recognition and referrals to cardiologists and cardiac surgeons may be put into place before these patients become more disabled with more serious characteristics of RHF such as ascites and congestive liver dysfunction.
A major limitation of this study was the limited number of patients because over a 14-year period, only 79 consecutive patients were eligible for enrollment. Another limitation was the lack of patients with a total score of 11; thus, we could not determine their fate. However, it is reasonable to predict a very poor outcome for these patients based on the fact that none of the patients with a total score of 10 survived the early period. We also may be criticized because each risk factor in the scoring system contributed to the total score differently because the relative risks they pose for mortality are different. Accordingly, the NYHA class 4 functional status, presence of hyponatremia, ascites, congestive liver, and renal dysfunction had greater relative risk (>4) in our analysis. Some also may argue that each RHF finding might affect the prognosis differently and therefore should contribute to the risk scoring system accordingly. A new modified scoring system in the future can be developed by incorporating the relative risk values of our RHF findings. Finally, some data from the echocardiographic and cardiac catheterization examinations of a few patients at the beginning of the study went missing, which could have had an impact on our findings.
Conclusion
Our results indicate that regarding pericardiectomy, an increase in mortality rate occurs when the number of RHF findings and numeric value of NYHA functional class status get higher in a patient with constrictive pericarditis. We think that our risk scoring system can serve as a guide for supportive medical therapy in high risk patients before surgery because it is easy to use and can be applied at the patient's bedside. In addition, it may offer a simple risk prediction for mortality associated with pericardiectomies.
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